ABSTRACT. Using auditory brainstem response audiometry, we evaluated 34 congenital hypothyroidism children under thyroid hormone therapy and 24 age-and sexmatched controls between 5 and 12 yr of age. Two main auditory brainstem response abnormalities were encountered: first, prolonged wave I latencies, secondary to a peripheral impairment, were found in seven congenital hypothyroidism children (20%): three of these showed signs of serious otitis media, unilaterally in two and bilaterally in the other, at the time of the evaluation. Second, shortened I-V interpeak latencies were observed in 10 children (29%). No correlation was found between the interpeak latencies and the L-thyroxine serum values at the time of the test or just prior to treatment initiation. Also, there was no correlation with estimated bone age at treatment initiation or with the Griffiths global mental development quotients assessed at 5 yr of age. These preliminary results suggest a significant incidence of auditory brainstem response abnormalities in treated hypothyroid children. (Pediatr Res 20: 570-573,1986) Abbreviations ABR, auditory brainstem response CH, congenital hypothyroidism T4, L-thyroxine IPL, interpeak latency
ABSTRACT. Using auditory brainstem response audiometry, we evaluated 34 congenital hypothyroidism children under thyroid hormone therapy and 24 age-and sexmatched controls between 5 and 12 yr of age. Two main auditory brainstem response abnormalities were encountered: first, prolonged wave I latencies, secondary to a peripheral impairment, were found in seven congenital hypothyroidism children (20%): three of these showed signs of serious otitis media, unilaterally in two and bilaterally in the other, at the time of the evaluation. Second, shortened I-V interpeak latencies were observed in 10 children (29%). No correlation was found between the interpeak latencies and the L-thyroxine serum values at the time of the test or just prior to treatment initiation. Also, there was no correlation with estimated bone age at treatment initiation or with the Griffiths global mental development quotients assessed at 5 yr of age. These preliminary results suggest a significant incidence of auditory brainstem response abnormalities in treated hypothyroid children. The mental prognosis of infants with CH is improved when treatment is initiated before 3 months of age (1, 2). Since the development of newborn hypothyroid screening, treatment usually is initiated before 2 months of age. Earlier data have suggested that even early treated children may manifest neuropsychological dysfunction which may handicap development (3, 4). Glorieux et al. (5) , studying a group of 3-yr-old early treated CH children, observed a significant positive correlation between the individual Griffiths global quotients (Griffiths developmental test) (6) and either the serum T4 levels or bone age estimated just prior to treatment initiation. Furthermore, as early as 18 months of age, these children had lower scores in the hearing-speech Griffiths scale than a control group (7). In addition, there is a well-known association between hearing loss and hypothyroidism (8-12). ABR audiometry has proven to be reliable for the assessment of the peripheral auditory function in very young children and for the follow-up of the central auditory pathway maturation (1 3-18). In the case of a child diagnosed as hypothyroid at 2 yr of age, Mendel and Robinson (19) reported that ABR audiometry results, together with speech and growth, were markedly improved after T4 replacement therapy had been initiated.
In the present study, we used the ABR audiometry in CH children for two purposes: first, to look for an association between psychological and eventual electrophysiological abnormalities in CH children as an early indicator of infants at particular risk and, second, for the early detection of eventual hearing problems. Data obtained in the group of treated CH children between 5 and 12 yr old suggest a significant prevalence of ABR abnormalities.
MATERIALS AND METHODS
The subjects were 58 children aged 5 to 12 yr: 34 were diagnosed CH by neonatal thyroid screening (20) during the first weeks of life and promptly treated with T4 (Synthroid, Flint Laboratory of Canada). Twenty-four children were normal controls matched for age and sex. The CH children were maintained under close biochemical, developmental, and psychological follow-up by two university-affiliated hospitals. Each child received a routine otological examination before the ABR evaluation. The test was performed after informed consent of the parents. Any control children with otitis media or a significant history of ear infections were excluded from the study.
Instrumentation and procedures. The acoustic stimulus consisted of clicks delivered monaurally through cushioned earphones. Square wave pulses of alternated polarity (duration: 0. l ms) were generated by digital stimulators (NICOLET or TECA ST-10) at the rate of 101s. The click intensity was calibrated in dB HL (hearing level) with reference to thresholds obtained from a normal group of adults. The electrical activity was picked up with EEG surface electrodes. The positive (+) was located prefrontally at FPZ (10-20 System) and the negative (-) on the mastoid ipsilateral to the ear currently stimulated. Subject grounding was provided by a contralateral mastoid electrode placement. Electrode impedance was kept less than 5 kOhm. The EEG activity was filtered (NICOLET: 150-3000 Hz or TECA: 200-2000 Hz), amplified (x lo5) and averaged 0.04 ms resolution). The different filter settings, due to equipment variation, were verified to have no effect on ABR peak latencies. The responses to 1000 clicks were recorded and two traces were superimposed in order to check for peak replicability. Both ears were evaluated for each child. The tests were conducted on nonsedated children, usually awake. The peak latencies of waves I and V (2 1) and the corresponding IPL were calculated. There is recent evidence that wave V is generated in the lateral lemniscus region in man (22). Since there is some controversy about the wave (I1 or 111) which reflects the activation of the first auditory brainstem relay (23), we considered this I-V IPL as a central conduction time even though it includes an auditory nerve conduction time component. Normal threshold was assumed when there was a replicable wave V at 20 dB HL. The I-V IPL values were correlated with the results of a mental development evaluation performed at 5 yr of age in these CH children (24) using the Grifiths test.
Serum T4, triiodothyronine, and thyrotropin were usually determined the same week of the ABR evaluation. Results are expressed as the mean + 2 SD. Intergroup comparisons were made with the two-tailed Student's t test.
RESULTS
The otological examination of the hypothyroid children revealed signs of serous otitis media in four. One, affected bilaterally, was evaluated when cured and the others (two with unilateral and 1 with bilateral signs of serous otitis media) were tested immediately, largely because they lived a long distance from the hospital. In the control group, no statistically significant differences were evident between the male and female subgroups for the different ABR parameters, even though the I-V IPLs tended to be shorter in female subjects (Table 1 ). In view of the conclusive evidence from the literature for a sex difference (25), we considered it worthwhile to have separate ABR norms for males and females.
The female group of hypothyroid children had significantly shorter mean wave V latency and I-V IPLs compared to the controls (Table 1) . Eight (36%) ( Table 2) showed abnormally short wave V latencies and I-V IPLs (< mean -2 SD). Of these, five had short I-V IPLs bilaterally. In four female children (1 8%), wave I latencies were increased (> mean +2 SD), bilaterally in three. In one of these, which showed signs of unilateral serous otitis media, the increase in latency was limited to the affected side. No significant differences ( p > 0.05) were evident between the male hypothyroid children and their control counterparts for the mean values of ABR parameters (Table I) . However, three male CH children (25%) ( Table 2) showed prolonged wave I latencies. Of these, two showed signs of serous otitis media (unilaterally in one and bilaterally in the other) and displayed prolonged wave I latencies on the affected ears recordings. One child displayed a unilaterally prolonged I-V IPL and a upper limit value for the other side. In two others, there were bilaterally shortened wave V latencies and I-V IPLs. On the 10 children (two males and eight females) with shortened I-V IPLs, only one showed prolonged latencies for wave I. The other nine children (26%) dis~laved normal wave I latencies. . , and H3 are from three CH children with abnormalities. In HI, both wave V latency and I-V IPL are shortened (< mean -2 SD). Wave I latency, although shorter than the controls, is in the normal range. In H2, wave I latency is normal and wave V latency is at the inferior limit of normality. The traces at the bottom (H3) show lengthened wave I and V latencies with a normal I-V IPL. The intensity of stimulation was 75 dB hearing level.
75 dB hearing level stimulation. The first ones were obtained from a control subject (C) and the others (HI, H2, H3) from hypothyroid children showing typical abnormalities. Figure 2 compares the individual peak latencies (waves I and V) in the two experimental groups. Figure 2 illustrates some wave I latency increases and abnormally short wave V latencies in the hypothyroid children (males and females). Figure 3 shows the individual I-V IPLs, stressing the abnormally short values often observed.
The mean + 1 SD T4 serum levels at the time of the ABR test were 13.6 + 3.1 and 13.7 + 3.3 pg/lOO ml for male and female children, respectively (normal: 5-14 pg/lOO ml). No correlation was found between these T4 serum levels and the wave I (r = 0.02) or the I-V IPL ( r = 0.09) values in the hypothyroid children. No significant correlation was found between those I-V IPL values and the T4 ( r = 0.01) or the bone age (knee area as ... ...... The first main abnormality consists of prolonged wave I latencies in some of the male and female CH children. Secondly, wave V latency was lengthened in some cases or, more often, shortened in an important proportion of the CH children. The intensity of stimulation was 75 dB HL.
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DISCUSSION
The present results show that ABR abnormalities are found in some early treated CH children. Two main types of electrophysiological abnormalities were observed: first, there was an increase of wave I latency in seven children. This peak reflects the activation of the peripheral auditory apparatus, and an increase of its latency is usually secondary to a peripheral impairment, conductive and/or sensorineural in nature (27-29). Second, a shortening of the I-V IPL without wave I latency increase characterized the ABR traces of nine other children.
The first type of ABR abnormalities, characteristic of a peripheral hearing loss, is reminiscent of the audiometric findings of Vanderschueren-Lodeweyckx et al. (12) ; these authors described various degrees of sensorineural hearing loss in 20% of treated hypothyroid children. Although this figure is identical to the percentage of children with prolonged wave I latencies in the present study, three of these children showed signs of serous otitis media which might have caused a temporary hearing loss and affected wave I. The proportion of CH children with signs of middle ear infection in the present group (1 I %) does not differ from that reported in Cyr-old children (10-18%) by Tos et al. (30) . Even though we did not utilize pure-tone audiometry to document the extent of the hearing loss or middle ear function tests (e.g. tympanometry) to uncover the site of the alteration, our data are in agreement with earlier work of others who suggested a higher occurrence of hearing problems in a CH population than in control children (12). Moreover, and also in agreement with these authors (12), we could not establish any relationship between hearing acuity and chronological or bone age at diagnosis of CH. From recent studies (5, 26), neonatal bone age estimation has been shown to be a good index of the severity of hypothyroidism.
The second major type of ABR abnormalities encountered was a shortening of I-V IPLs without a wave I latency increase. Himelfarb el al. (3 I) , also using ABR, described a good correlation between brainstem conduction time and the level of serum T4 in acquired hypo-and hyperthyroidism. Hypothyroid patients tended to have vrolonged brainstem conduction times whilst hyperthyroid sudjects $splayed shortened times. In our study, although 15 treated CH children (44%) exhibited high serum T4 levels (> 14 pg/dl) with correspondingly low TSH values, we were unable to establish a significant correlation between these hormone levels and the I-V IPLs. On the other hand, Coats and Martin (28) reported decreased I-V IPLs with increased wave I latencies in subjects with steeply sloping audiograms in the high frequency region. This could be related to a recruitment phenomenon as observed in cochlear hearing loss, and would be associated with elevated ABR thresholds (29). In our study, only one CH child showed bilaterally prolonged wave I, shortened I-V IPLs and elevated thresholds; the others with shortened I-V IPLs had both normal wave I latencies and thresholds (reproducible wave V at 20 dB). A cochlear alteration could account for these observations. The short I-V IPLs without wave I prolongation also have been observed in Down's syndrome adults (32, 33). Unfortunately, no puretone audiograms were performed. The authors pointed out that these ABR abnormalities were independent of the rate of the stimulation or of electrode placement, and they observed no correlation between the I-V IPLs and the IQs. In the present study, we observed no correlation between the I-V IPLs and the Griffiths global mental development quotients or the hearing-speech scores.
These preliminary results suggest that hearing acuity should be systematically assessed in CH children. At this time, there is no correlation between the ABR results and the psychological data in these 5-12 yr old children and definitive conclusions must await the evaluation of younger children.
